AnsTRACT.--Relationships among eight species of flowerpiercers in the genus Diglossa (Thraupidae) are addressed using data from allozymes, mtDNA sequences, and male plumages. Molecular evolution of the mitochondrial cytochrome-b gene in this group parallels what has been reported for other birds. Molecular data reveal high levels of genetic differentiation among the taxa studied. There is concordance of evolution among mtDNA sequences, allozymes, and plumages for the three taxa in the Diglossa baritula superspecies complex. In this paper, I address relationships among taxa in the Diglossa albilatera species group (as defined by Vuilleumier 1969), in particular the three members of the Diglossa baritula superspecies complex, using both allozyme and DNA characters. I discuss relationships between the two independent molecular data sets and a morphological data set (based on plumage characters). Using phylogenies generated from these 
group only distantly related to the rest of Diglossa.
Cladistic assessment of allelic variation was performed by coding each locus as a multistate unordered character (and alleles at each locus as character states) using the computer program PAUP 3.1.1 (Swofford 1993; Branch and Bound option). Also, in another cladistic analysis, phylogenetically informative alleles were considered as characters and coded as present or absent (see Rogers and Cashnet [1987] for defense of this method of coding; see also Buth [1984] , Mickevich and Mitter [1981] , Murphy [1993] , and Swofford and Berlocher [1987] for problems with this method of coding). For the taxa analyzed in this study, presence/absence coding of alleles, despite possible problems, resulted in trees that are more resolved, agreed with other methods of data analysis (for example, those based on genetic distances), and were concordant with phylogenetic analyses of other character systems (plumages and DNA sequences). I performed 100 bootstrap replicates on each cladistic analysis to assess confidence in the branching pattern (Felsenstein 1985 , Sanderson 1989 ).
DNA sequences.--Following Hillis et al. (1990), a total nucleic acid preparation was made from liver tissue frozen at -80øC (see Table 1 Twenty cycles were performed using the following cycling parameters: (first cycle) denaturation at 94øC for 3 rain, annealing at 56øC for 1 rain, extension at 72øC for 45 s; (remaining cycles) denaturation at 94øC for 1 rain, annealing at 56øC for 1 rain, extension at 72øC for 45 s. Single-stranded DNA was generated for both the heavy and light mtDNA strands, and the products were cleaned by five washings with H20 The DNA sequence data were analyzed cladistically with PAUP 3.1.1 (Swofford 1993; Exhaustive search option). I sequenced another tanager, Hemispingus superciliaris, and this sequence was used to root the DNA sequence trees. All base positions were used in the analysis; there were few transversions, non-third-position changes, or nonsynonymous changes. As with the allozyme data, 100 bootstrap replicates were performed to assess confidence in the branching pattern. Percent sequence divergence was calculated as
where p is the percent sequence divergence, nd is the number of nucleotides different between two sequences, and n is the total number of nucleotides compared (Nei 1987 ).
Plumages.--In addition to allozyme and sequence data, variation in adult male plumage was also assessed for Diglossa species (Appendix) and analyzed using the computer program PAUP 3.1.1 (Swofford 1993; heuristic search, 30 random addition-sequence replicates, TBR swapping, MULPARS). Specimens for this analysis are housed at the American Museum of Natural History, New York. The goal of this analysis was to use plumage patterns to assess monophyly of the baritula superspecies complex and to test whether or not albilatera was the sister taxon of the baritula superspecies complex, as had been suggested by Vuilleumier (1969). In addition, the pattern of relationships among species within the baritula superspecies complex based on plumage data could be compared to the pattern based on the molecular data.
Body regions (belly, throat, breast, back, cap, rump, vent, malar region, underwing) were treated as characters, with the color or pattern in that body region as character states. In addition, the presence of sexual dimorphism in plumages was considered a character as were the presence of a blue-gray humeral patch and the presence of a breast band. The plumage matrix was composed of 12 characters (5 binary and 7 multistate). The multistate characters were divided into five unordered characters (no hypothesis of di- Due to the small number of plumage characters and the occurrence of all or mostly black birds in different species groups, monophyly of the lafresnayii and carbonaria superspecies complexes were not recoverable with plumage data alone. The monophyly of these two superspecies complexes has been established by a number of studies (Hellmayr 1935 , Vuilleumier 1969 , Graves 1980 , 1982 , 1991 ; also confirmed by allozyme results of my study). Thus, to assess monophyly of the baritula superspecies complex, relationships within the baritula complex, and possible sister taxa to the baritula complex, the analyses performed in PAUP constrained taxa in both the lafresnayii and carbonaria groups to be monophyletic. In addition, constraining these superspecies complexes to be monophyletic allows evaluation of relationships of taxa within each of these complexes based on plumage data.
RESULTS
Protein electrophoresis.--Levels and patterns of genetic variation at 33 presumptive gene loci were resolved (Tables 2 and 3 Figure 2A by the greater degree of resolution among species. These trees ( Fig. 2A and B) differ from the distance analyses mainly in the unresolved relationships among species in the baritula complex, which seem to differ in frequencies of alleles (Table 3) . DNA sequences.--Sequences were identical between two individuals sequenced from the same population for two of the species (D. plumbea and D. sittoides). Percent sequence divergence (Table 4) closely related to D. h. aterrima, of the carbonaria complex, than to the baritula complex. Combining data from allozymes and mtDNA sequences into a single large data set resulted in one tree (not shown; C.I. = 0.88) that was identical to the mtDNA sequence tree (Fig. 4) .
Plumages.--Analysis of the plumage characters (Appendix) resulted in 36 most-parsimonious trees (C.I. = 0.76, excluding the ordered characters). The majority-rule consensus tree ( Taxon  PGM1  CK1  ADA  GOT1  ICD1  MPI  GPI  LA1  LA2 Allozyme and mtDNA data differed regarding the placement of D. albilatera. In the allozyme data analyses, albilatera was the sister taxon of the baritula complex, genetically similar to duidae, or its position was unresolved (Figs.  1 and 2) . The sequence data set and combined allozyme and sequence data sets suggested that albilatera was most closely related to h. aterrima, a member of the carbonaria complex. The placement of albilatera with duidae would make Vuilleumier's (1969) carbonaria and albilatera species groups not monophyletic. Both the albilatera and baritula superspecies complexes exhibit marked sexual dimorphism that is absent in other Diglossa. Although this plumage dimorphism suggests monophyly of Vuilleumier's (1969) albilatera species group, molecular analyses provide little support for this hypothesis. Also, the plumage analysis that included the presence of sexual dimporphism as a character (Fig. 5) could not recover a sister-taxon relationship between the albilatera and baritula complexes. It could be that historical speciation events leading to the albilatera species group were too closely spaced for there to be molecular characters that document monophyly of the group (Helm-Bychowski and Cracraft 1993, Lanyon 1988). In addition, albilatera is very different in most plumage characteristics from the baritula superspecies complex; it is almost completely black (a recurrent color in the Diglossa species groups I analyzed), whereas taxa in the baritula superspecies are shades of gray above and shades of rufous or gray below (Appendix). The placement of D. albilatera and, thus, the monophyly of the albilatera species group should be clarified by add- 
